
UNCLASSIFIED

AD 4 23407

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: Ihen government or other dravings, spec:±-
fications or other data are used for any purpose
other than in connection with a definitely relat.ed
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor- aLy
obligation whatsoever; and the fact that the Govwerm-
ment may have formalated, furnished, or in any wrer
supplied the said drawings, specifications, or o-tber
data is not to be regarded by implication or othoer-
wise as in any manner licensing the holder or anY
other person or corporation, or conveying any rig-ts
or permission to manufacture, use or sell any
patented invention that may in any way be relatee4
thereto.



LIQUID ROCKET PLANT

IPRODUCT ENGINEERING PROGRAM

1 MONTHLY PROGRESS REPORT

on

* MCoated Metallic Thrust Chambers
Expandable Nozzles

Combustion Instability Scaling Concepts
Ablative Thrust Chambers

S '.4Weapon System 107A-2
Contract AF 04(694)-212/SA3

I--
•CC Report 212/SA3-2.2-M-4 15 November 1963

DDC

7 ) - ,' • I .i~NO1 29 1963

TIS]A B ,',

% ~~~(AEROJET 

:.,i•

GEENERAL 
''Pr'''4

AEROJET-IIENERAL CORPORATION .:
ACRAM NrO, CALIFORN.IA'



PRODUCT ENGINEERING PROGRAM

Contract AF o4(694)-212/SA3

1 October through 31 October 1963

Prepared by

AEROJET-GENERAL CORPORATION
Liquid Rocket Plant

Sacramento 9, California

Prepared for

BALLISTIC SYSTEMS DIVISION
AIR FORCE SYSTEMS COMAND

Norton Air Force Base, California

5610



FOREWORD

This report is the fourth in a series of monthly reports prepared in

accordance with AFBK Exhibit 58-1 and sub•iitted in partial fulfillment of

Contract AF 64(694)-212, Supplemental Agreement No. 3.

Direction for contract performance is provided by C. L. D'Ooge, Pro-

gram Manager, Research and Advanced Technology Division, Liquid Rocket Plant.

The contract for the continuation of the Product Engineering Program

is made up of four projects:

Project Title Project Engineer

I. Coated Metallic Thrust Chambers D. G. Harrington

II. Expandable Nozzles D. M. Green

III. Combustion Instability Scaling F. H. Reardon
Concepts

IV. Ablative Thrust Chamber T. A. Hughes
Feasibility
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I. CQATED METALLIC THRUST CHAMBERS

A. INTRODUCTION

1. Purpose

The objective of this project is to develop a reliable thermal

barrier capable of surface temperature operation above 3300OF for use on regener-

atively-cooled thrust chambers employing N2 04/AeroZINE 50 propellants. Thermal

barrier coatings are used for improving liquid rocket engine performance through

reductions in film-cooling requirements.

2. Approaches

The development of the thermal barriers will be accomplished

through:

a. Full-scale testing of coated YLR91-AJ-5 thrust chambers

(Titan II second stage) at fuel-film-cooling flow of 5% or less.

b. Laboratory thermal shock, thermal conductivity, erosion-

corrosion, and metallographic testing.

B. PROGRESS DURING RPORT PERIOD

1. Ful-Scale Testing

Althoue chamber 2 had been scheduled for two 12-second tests

with 17.6% film cocling, no tests were conducted. The schedule slippage was

caused by delays in both fabrication of the modified coating fixture and re-

arrangement of the laboratory space required to install the dust collection

system to the coating fixture. Details are given in Paragraph B, 3.
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Ip B, Progress During Report Period (cont.)

2. Design

The design drawings were completed. A fabrication order was

prepared to modify a new 2SIN-O injector for 5% fuel-film-cooling. The design

includes each of the features outlined in last month's progress report (Report

212/SA 3-2.2-M-3).

3. Fabrication

The modifications to the full=scale coating fixture were com-

pleted and the laboratory space expanded to accommodate a dust collection system.

The modifications included the dust collection system, dust covers and wiper

scrapers on polished shaft,, increased straightline run-out on the cam, new

gear reducers for the rotation and feed drives. a higher horsepower motor,

reworked remote control valve*, amd a spacer ring to allow air cooling and

protection of seal grooves. Me target date of 11 October 1963 for completion

of the modifications and enlargement of the laboratory space was not met be-

cause of unforeseen difficualties in scheduling the building maintenance per-

sonnel and in ebtalning tbe proper speed range on the feed drive of the coating

fixture. On 30 October 196) the imstallation was complete.

Tbzee practice coatiog passes were made on a scrap chamber.

When the hydraulic fluid :n t$t system reached normal operating temperatures,

it was found that the mifimnam speed attainable on the feed drive was 10 rpm

with a 5:l gear reducer, whereas the maximum speed attainable with a 40-l

reducer was 17 rpm. The speed range required was found to be 3 to 30 rpm
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I, B, Progress During Report Period (cont.)

from the three practice runs and from the previous experience when hand control

valves were used. Since those were the only two speed reducers available in the

plant, the required speed range could not be obtained. A rush order for a

15:1 reducer was placed. In the meantime, an improvised braking method to

reduce the speed of the 5:1 reducer system will be employed to coat chamber 2.

Fabrication of chamber 3 is expected to be completed 14

November 1963. Although this is one month late, the chamber could not have

been used sooner because of the schedule slippege in the coating of chamber 2.

Chamber 4 will be a re-coated chamber 1, 2 or 3. Chamber 5 remains on schedule

for coating on 17 March 1964.

A new 2SIN-O injector is available to modify for 5% fuel-film-

cooling. Completion is scheduled for 25 November 1963.

4. Laboratory Testing

Twelve additional thermal shock specimens were coated. The

composition, thickness, and deposition parameters for theme coatings are given

in Table I-1. The principal variables in this series ame molybdenum primers

vs Nichrome primers, and topcoats of Al 20 , ZrO2 , 90 ZrO2 -lOW,*and 50ZrO2-

50ZrB2 .

Metallegraphic examination was nearly completed on several

ef the thermal sheek specimens tested last month. Preliminary results indicate

that the tungsten in the 90ZrO2 -1OW is of such small volume and non-uniform

dispersion that its presence is believed to be of little benefit. The

75ZrO2 -25W opeeats appeared somewhat better, but still not as uniform as

* Weight pereent
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I, B, Progress During Report Period (cont.)

desired. Experiments were planned to determine if a closer spray distance

would make a more uniform microstructure. The microstructure of the ThO2 -W

coatings appeared more attractive than the ZrO2 -W coatings.

An overall ,estimate of the best coating to test on chamber 2

is a gradated Nichrome-zirconia base with a topcoat of 75ZrO2 -25W. This is a

change from the 9OZrO2 -10W topcoat reconuended for chamber 2 in last month's

report. The reasons for the selection change are both microstructural appear-

ance and good thermal shock resistance show by specimens 117 and 122 which

had topcoats of 75ZeO2 -25W. Also, the higher percentage of tungsten will allow

more accurate eovalation of he tungsten oxidation rates to be encountered in

the full-scale chbae.u'.

5. f'ltatZ Qofitrol- Studies

The eaent contratt ws completed by the Pyrco Division of

Anamet ,aboretouioe for diete'aining the feasibility of non-destructively measuring

coating thickness. I fMal report was completed 8 October 1963. The study in-

cluded sylialos orf ultseoflew bets ewiliion, x-ray, magnetic, eddy current,

capaciltaee, romistauoeee aiowavv, and mechanical means for determining coating

thicknesse*, both e& a centrol during spraying and after firings.

It was cncluded by Pyre@ that the eddy current technique is

the best method aval•able for the job. Accuracies possible were estimated to

be 0.001 inches or 10% or the coating thickness, whichever is greater. The

work included actual calibrations on gradated Nichrome-zirconia plasma sprayed
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I, B, Progress During Report Period (cont.)

coatings on both flat and tubular specimens. The feasibility was further

proved by measuremetst taken on chamber 1 which had previously been coated

and fired three time.

A pehAee reqstuitlon is being proceused for a follow-on

contract vMic ve l pteovUs, A.Ojetaufteer b 15 JAW& 1964 with a complete

package of the •e•oeItea esq~p1lt,* sllbatiam ftU, %ad Imtrucetloei for

measuring coeting Odblhwb o th Osady awJ3Pfst technz4s..

Aa ade1 e plaald for 5 lb of tUwnget-eeated thoria.

Ceromped to 00 sat•od eof mW pauess In th spray feeder, this material

shoud p1oU9. qUOLUSt empoottiob and mcrostrotwe, control.

G. yg? FPCR? FZaR=
*&Abet 2 v1U be cote with gradated IXicrome-zirconia with a

75Zr-25W topeoet. Me test&t of 32-eecond duationa with 17.6% fuel film

cooling hAU be made em eo ber 2. If the coating Is Intact after these

tests, firings with 5% f1UR coollng vwil be made.

Doe soditleallon of Injector 2 for 5% film cooling will be com-

pleted.

Fabrication of ehamber 3 will be completed.

Additional Werml heock specimens will be coated and tested for

evalvatioe of ceatinge for ehmber 3.

TNble I-2 Ue a schedule of tasks for the coated metallic thrust

chamber pbogham.

*Weight percen~t
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TABLE 1-2

(X)ATED METALLIC THRUST CHAMBER MILEPOST CHART

I __ ___ __ C! 63 __ (A_ 0 1
COATM HVALLIC 29MJ CIWO I No I J A SBON31D JI1M Al KN

10)31I, ANALYUS MID WA2A VAIMAZU

1. Il..* ~ 6_611 1

2. cutlt"n 9~

a. iaa 6- a.a6 -

2 i~~. omeM 6

~~~.1 1Lee

Go. Znllat 3. 3

2. CLetW 3*Ug

PMU8 Z1, U4EU"~M ftVU~dA!1.I

A. leborateiv ZawentlgaUss Inltl.?,eG 3 6 63

2.~ ft-m tor-u-tiv.ty-Tes - -

1. Sottos~ ApLe*o Veqe~ m 1 6 63

- - - -a - - - - - -

9. ThorAonacvlt Tne 3 6 631T

ý3. larmoxy fm-&eot toot* 66

14. goatligAsUG ~ bfstfjS . 6 6

C. Iabomt opiy ~ o !ma-u 3et -----

A. feftInitteteS 3.663----

1. mv mate~ doho L I

2. Xabaosse Qmft 3 . 1- A 1 -1 1

m - - -- - - -- mmas -----

a. fftem oee3fte~d OR 3k op a----



TABLE 1-2 (cont.)

IRS -T___ Cir 64 - - -

vOI~L I No - -

PHASE IV, IVLL SCALE TESTING

A. Thrust Chamber I.

1. Ready for Buaildup 3.6 63____

2. Ready for Testing 7 7_ 3

3. Testing Coypleted 6 9_6

B. Thrust Chamber 2

1. Release for Fabrication 1 6 6:

2. Resady for Coating 5 2j 61 _--

3. Ready for Ad3.duP 12 I~63

4. Ready for Testing Its 63

5. Teetims Compl.ete ujI 63-- - - -

C. Thmut Chambm 3

1. Release for lImft~aemues 6 63---------------------

2. Ready for Coatij 15 31-1631 1- -1-

3. ReedY fee bhidl& 01 6

51. Ueuaf Im feeftaA -e 3.0 it163 1
5. 3e-~ 16 - -1 - - - - 4~

D. -hm *Ae b -

1. kAmms *qe u Ptee. -uiij it 163 1 .1

1. Beadyfor Se.fttq! LOS le6

S. Ready. owe tewt . 9 ; 063



II. EXPANDABLE N•ZIES

A. lTRnCDUCTION

1. Purpose

The purpose of this project is to develop and test high expansion

ratio expandable nozsle cones for rocket propulsien systems.

2. Approach

The propm objectLives wAll be aeeemplished b7 a three-phase

(design, fabrleatiem and euperaeatal) effeot. Werk will be directed to simulate

the operational ,essle eeodiMeao .othe O T114 XX eseeed-etage engine with both

metallic aMd h*-#etaU@o e 065116 e630e44e4 e0"6 ikI eateeulens. Thrut vec-

toring am intataft PV dru"Is eeati.e WM be isWestitated atilislag a

bl-prop@l.Unt 114*d reseot eaglu' (U.0Rlb Itrwt) seated o0 a milti-vds

thrust stand. A *orb of et Tabt e*uxie tact le* vlad 41ttnml A•il be

condmeted with seale aodlse w•l~ie vw aou ftebo4T eb&sep.

3. PIOGM3 DUO*2I W021 PZRI

1. Tieowotial and Baslic! a# igetft

Final edifilese s ue e bein4ag #&do to th beal Itanefer com-

puter program. This proega will be toady fee liVAted w. eauly In November.

AU test hardware and euitaee Ms beeS designed Wd released

drawings are available.

2. Fabrication

Six Lark nozzles are being fabriiated of NPL material for

deployment and structural evaluation.

Page I-1



II, B, Progress During Report Period (cont.)

All hardware, nozzles and throat inserts have been completed

and delivered to the Azusa proving grounds for the 12K TVC test series.

Fabrication of the non-metallic AEDC Titan 1I second-stage ex-

pandable nozzles was initiated. Delivery of the first unit Is expected to be in

mid-December. The 310 stainless steel has been ordeoed for th aetallic AZDC

expandable nozzle.

For the JPL wind tunnel program, the eyseo pJlue adoil avd

mount were completed. The Venms and Titan see•d-otiage edel a epaeo zlmately

50% completed. The expandable nozzles feo the V1. twinel tee% SWIM are cur-

rently being electro-formed. All hardwae will be eemlaed Is W1&-5wober.

3. Testing

a. Lark

Five mteual test.v ee eedwsee am * Reajetou-

Manhatten furnished nozzles, but as 1St a Me oed Wo ota OwMIU e.

b. 12K TVC

Repairs ha•, b4ee1 eU•"il, ed 0S SOa es I 01t that Was

damaged during the initial check-out aeftea. AU t0• selae, o hi e&W tuipwient

have been delivered and testing will be fet # * NeOeVeO .

co Titan II Seeond-SU"e AM ) t

A preliminary detail teot plaD T (Taeb nol- was given

to the AEDC J-4 program office for the expandable nmozle seres. Before this

series is begun, a short test stand shakedown series ef foer to six firings

of the thrust chamber assembly will be conducted without expandable nozzles.
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II, B, Progress During Report Period (cont.)

d. Wind Tunnel Tents

All preliminary preparations have been completed for the

first wind tunnel tests on the space-plame type vehicle. These teats are

scheduled for 21 November 1963 in the 21-Inch hypersonic sell at JPL.

C. NEXT REPORT PERICD

Fabrication of the Lark and Titan sied nozzles will be continued.

Lark, 12K TVC, and wind tunel tests will be conducted.

Buildup at AEDC will be initiated.

The program plan is shown in Table 11-2.
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T&BLE II-1

AEDC J-4 TEST SCHEDULE

Minimum
Test PC Nozzle Area Altitude Duration
No. (psia) Mat'l Ratio (ft) (see) Type of Teat (N2 Pressurant)

1 820 Rubber 75:1 70,000 10 Nozzle fully expanded when
fired. Deployment tubes
pressurized to 50 psia.

2 15 Nozzle deployment with en-
gine firing. Tube pressure
50 to 6o psie.

3 15 Nozzle depl.oreat with en-
gine firing. %be pressure
70 U ft palo.

4 100:1 77,000 10 Nozzle fully qzsanded when
fired. tube pressure 50
Pala.

5 *115 Nozzle daylpwoimnt with en-
gine firing. Tube pressure
60 to ?0 pals.

6 15 Nozzle deplopmwnt with en-
gin, firing. Tube preasure
4o0 to 50 Puls.

7 150:1 87,000 10 Nozzle fully expanded when
fired. Tube pr'esure 50
psia.

8 15 Nozzle deployment with en-
gine firing. Tbe pressure
50 to 60 pai.

9 45 Nozzle fully expanded when
fired. Tube pres•ure varied
during run. Start at 60
psia, drop pressure by hand
5 lb at 5 sec intervals un-
til nozzle becomes unstable.



Minimum
Test P Nozzle Area Altitude Duration
No. (psia) Nat'l Ratio (ft) (sec) Type of Test (N2 Pressurant)

10 500 310 S.S. 75:1 77,000 15 Nozzle deployment.

11 75:1 7 7 D 0 0 0  45 Nozzle deployment.

12 100:1 86,000 15 Nozzle deployment.

13 100:1 86,000 45 Nozzle deployment.

14 550 75:1 77,000 30 Nozzle deployment.

15 550 1 100:1 85,000 30 Nozzle deployment.

16 - - - - Repeat test to be deter-
mined.



TABLE 11-2

EXPANDABLE NOZZLE MILEPOST CHART

T" _cY 63 cY 64

E__ ANDAB___NO__LES ______ n J1 J A S 0 N D J F M A M

PUASE 1, ENGINERNG DESIGN

A. 1sfinement and Correlation

of Design Progress

1. Initiated 1 6 63 k

2. Completed 31 5 64

B. Lark Test Hardnare

1. Initiated 1 6 63

2. Cuipleted 31 8 63

C. 12K TeNt Hardnare

1. Initiated 1 6 63

2. Caupleted 31 9 63

D. Titan Size HaNrdwne

1. Initiated 1 7 63

2. CoaW •ed 30 10 63 1>

E. Wind Tunnel Flight

Simulation Test Hardware

1. Initiated l 8 63

2. Compl~1 3 _.0 164

PH63Z U1, FABRICATION

A. Lark Hardware

1. Initiated 1 7 63

2. Caoleted 31 i2 63,

B. 10 HNardIre

1. Initiated 1 7 63 1_

2. Conpleted 31 10 63 1 1

C. Titan Size Hardonre

1. Initiated 1 9 63

2. Completed 06 2 164 1

D. Wind Tunnel Support and Minc. Hardwarn

1. Initiated 1 9 63

2.__Completed IS n 1641

3. Wind Tunnel Vehicle Models

1. Initiated 25 9 63 A

2. Coglnted 31 12 63

PFASR III, TTING

A. Lark Naterial Test (Azusa)

1. Initiated 1 9 63 1 L

2. nqpleted 2O 2 64 1 1

D. If TWC Test (Azusa)

1. Initiated 1 9 63

2. Co.Vleted 28 2 64 1

C. Titan Size Nozzles (4 AM)

1. Initiated 1 1 64 A •

2. Coupleted 31 3 64

D. Wind Tunnel Flight Simulation

Checkout Tests (Azusa)' DE

1. Initiated

2. IoWetad

3. Wind Tunnel Flight Simulation

Model Tests (JPL)

1. Initiated 21 11 64 I__ _

2. Completed 31 3 164
-. .. ........ a snnssu.o 8- ACCOMPn0 D J r,



III. COMBUSTION INSTABILITY SCALING CONCEPTS

A. INTRMDUCTION

1. Purpose

The combustion instability project is directed toward estab-

lishing the applicability of subseale longitudinal mode stability testing to the

prediction of the stAbility of all modes in large liquid rocket engines. The

experimental techniqu widew iMvestigation has been demonstrated previously on

a laboratory scale le I•ted testing. The primary tool is a variable length

thrust chamber assmb•, both Us theoretical approach and the experimental

apparatus have ben deseeibW In deta•l In previous monthly progress reports.

B. PROGYMSS DURG• WPORT PIRIOD

1. Desigt

The fiaal design of nearly a&l parts has been completed. The

only exceptions are the eA^%wt nzessle, rear injector support, and the Kistler

small-passage transduer aeab. All design work on the nozzle and injector

support has been completed; onI the final working drawings remain to be made.

The transducer design has been delayed pending receipt of the passage configu-

ration dimensions from Princeton University. This information is expected in

the very near future. No program slippage is expected.

2. Fabrication

Fabrication of all designed components has been initiated

and is proceeding according to schedule.
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III, B, Progress During the Report Period (cont.)

3. Theoretical Calculations

Calculation of preliminary theoretical instability zones

has been delayed due to some uncertainties in the values of the nozzle ad-

mittance coefficient calculated by a new digital computer program. The nozzle

admittance coefficient describes mathematically the effect of the exhaust

nozzle on oscillations in the combustion chamber. The difficulties have been

resolved and the calculations of theoretical instability zones are continuing.

Because the axial distribution of combustion enters the calculation in a very

significant fashion, final instability zone., used for deducing values of the

combustion parameters .- and Z, cannot be determined until the initial com-

bustion distribution tests have been made.

C. NEXT REPORT PERIOD

Fabrication of thrust chamber components will continue. Pro-

cedures for determining theoretical instability zones from combustion dis-

tribution test data will be developed. Calculation of preliminary instability

zones will be completed.

The milepost chart for this project is shown in Table 11-1.
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TABLE III-1

COMBUSTION INSTABILITY SCALING (CNCEPTS MILEPOST CHART

PRESENT _c 63 cY 64

CoMMSMON IN(STABILITY SCALING CONCEPTS DAy Ko y 
2 JJAIS O0 ND MA M

PHASE I, ENGINEEING DESIGNi

A. Concept Completed A

B. Predesigo

1. Initiated 1 7 63 k

2. Completed 31 8 63

C. Final Design Initiated 1 9 63 1

1. Mount Completed 12 8 63 A1

2. Thrust Chamber Cowpleted 7 u 63 _ __,

3. Injector Completed 4 1o 63

4. Actuation System Completed 12 8 63 A

5. "Asrofoil" 11 iO 63 4>A

PHAE II, FABRICATI0 INITIATED 26 8 16 -

1. Mount Completed 4 11 63 1

2. 3hrust Chamber Comple*ed 6 12 63 1

3. Injector CoMleted 6 12 63 P,

4. Actuation System Completed 16 12 63 d

5. Calibration Completed 24 12 63

PHASE III, 7ESTING INITIAM) 16 12 63

1. Test Stand Lild-ui Completed 6 1 64

2. Calibration Ktrings Completed 13 1 64.6

3. Test Program Co fpleted 31 1 64

PHASE IV, ANALYSIS INITIATED i 7 (1

1. Calculation of Theoretical

Instability Zones Completed 13 1 613 1

2. Co•mletion of Comparison Between

Theoretical Zones and Test Results 22 L4 64
4-P"EMT "EOUaLE DATE A -ACCOMPLISHED -
P-PHTENTIAL CHANSM IN SCHEDULE - -- PREVIOUS SCHEDULE DATE



IV. ABLATIVE THRUST CHAMBERS

A. INTRODUCTION

1. Purpose

rThe purpose of this project is to demonstrate the feasibility.

of large ablatively-cooled thrust chambers for high performance liquid rocket

engines operating at chamber pressures up to 300 psia for extended durations.

The ablative chambers will employ the compression-molded building block con-

cept.

2. Approaches

Six thrust ahambers fabricated under Contract AF 04(647)-652/

SA 33 will be used with inmjetore developed under the Apollo Service Module En-

gine Program (Contract NAS 9-150). A water-cooled transition will be used to

adapt the injector to the abl•tive chambers, which have a Titan II second-stage

configuration. The thmst chamber. are described in detail in Volwme I of the

final report for Contract AF 04( 64?)- 652/,A 33(l), and are briefly described

in Report 212/SA 3-2.21M-1 of the current series of monthly progress reports.

B. PROGRESS DURING T RORT PERICO

1. Transition Section

Fabrication was approximately 75% completed during the re-

port period. A one to two-week delay is anticipated in meeting the originally

scheduled completion date because of a delay in delivery of material and a

heavy demand on brazing furnace time. This delay will not significantly affect

the overall schedule.

(1) BSD-TDR-63-118, "Ablative Thrust Chamber Feasibility," 28 June 1963.
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IV, B, Progress During the Report Period (cont.)

2. Injector

Final selection of the injector to be used in the firing

tests has not yet been made. Two stainless steel injectors (S/N AT-6, AT-3)

used in the early Apollo service module engine tests will be shipped from

Azusa to Sacramento in order that their physical condition may be assessed.

The amount of reconditioning required (if any) will determine the firing dates,

and will have an influence on selection of a specific injector.

3. Ablative Chambers

Five chambers are complete and ready for firing tests.

Fabrication of the sixth and last chamber has been temporarily delayed as the

steel shell distorted in stress-relieving after welding. The flanges have

been cut from this shell and will be welded to a new center body after it is

rolled and welded.

4. Injector Heat Transfer and Stress Analysis

The analysis of the modified stainless steel Apollo injectors

is underway. The results are too incomplete for incorporation in the current

report.

C. NEXT REPORT PERIOD

Fabrication of the sixth chamber will be completed. The injectors

will be inspected and the selection made. The thermal and stress analysis of

the injector will be completed and evaluated along with the physical condition

of the injectors. Upon approval of the proposed firing parameters by the
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IV, C, Next Report Period (cont.)

Rocket Propulsion Laboratory, the preliminary test request to the test area

will be superseded by a specific test request.

The program schedule is presented in Table IV-1.
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TABLE IV-1

ABLATIVE THRUST CHAMBERS FEASIBILITY MILEPOST CHART

PRESE" Y Calendar Year 1963 OIae ,ear 19641
AIATI'M mwf CHwmOW aIRMg M SCOU ILI 0

_DAY Io VN • . A 8 0 1 D J P NJ A N

Phase I, TEST PIPAPATION

A. Design of Ablative Chamber A

B. Fabrication of Ablative Chamber

1. Chamber 284528-9 A

2. Cba1•b 278120-U9 31 S 61 1

3. Chbmber 278120-259 21 8 63

I.. Chamber 278120-189 31 8 63 _

5. Chamber 284528-29 15 10 63 _____

6. Chamber 278120-219 20 13 63 1 1

C. Deigan of Newtal Shell A

D. Fabrication of N.tal Shela (2) loll a i -II

It. Desip of Trnuaition Section 10 8 63 A

lo. eat•Transfer Analysie 10 7 A - -- - - - -

F. Fabrication of Transition Section 12 1 63 1_ _

G. election of Injectors 31 10 63 1 > 4

1. InJectr Fabrication (if required) 30 12 63 1 1 " '

I. Uncooled Chamber Aoquisition 15 6 63 A

J. Selection of Inatrumentation 1 2 U 63 1--

K. Selection of Tiring Pruetera 15 9 63 1 A

L. Ablative Chamber Ammebly 31 1263 3i

X. Inetallation of Inatrumentation 30 11 53

PHLU II. FIRING TUTS

A. IWector Checkout 30 n 63

B. Ablative Chamber Teat 31 1 64 1 4

PAB III. lI& EVALUATION

A. Data Reduction -21 2 64

uChallborrvalustion

1. PArfNoM16---- - - -

2. Natala Evaluation 16 3 1 64---- -

3. C•m.ia.on vithN-_ca1e Tests 15 -6L

__ _ _ _ A_ _ _ -A1001,31
TNT C INSCHEDULE *AT A REACCMPLISCED

P-PNTIAL CHANO[ IN SCHEDUL[ • - PREVIOUS SCHEOULE DATE



V. PROGRAM REPORTING

Listed in Table V-i is the schedule for contract reports.
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TABLE V-1

PROGRAM RIEPORTING MILEPOST CHART

"l "' I CY 63 _ Y a
P=WN 3mi -m A 8 0 N D J 7 I A

1. F•ONACIL SJ OR1T

llt Quarter 1 9 6± - A

2MQuarter 21. 2_ .. .

W Quarter ~6

2. 10M1 STAI¶US WORT

Jun.1963 10 16 1 A

jul 19
6

3 1o 8 63 A I I

Auguat 19
6

3 10 9 63 A I

eptamber 1963 10 10 61 IA _

October 1963 10 u 1631

Romb, r 1963 io 12 63

Dcbr 1963 lo 1 1631

Janusm* 196& 10 2 1641____

hbruary 964 10 164

b.rh 1964 10 4 64 1 1 _

April19
64  

1o 5 64I i

k 1.964 1o 6 64 _m_

3. KM S2A4=S IMORT

June 1963 10 7 63 A

july 1963 10 63 8 13 A

,gu.t 19
6

3 10 9 63 A

SUptver 1963 10 10 63 I A
October 1963 10 11 63

Novebr 1963 10 12 63

December 1963 10 1 64 __ _

JanuAr 1964 10 2 64 _ _

FebruaT 196& 10 3 64 -

Marh 196A 1 4 64 _

April 1964 10 5 64 _

Nvy9
6  

10( i 6 164 a

4. PT2)MGM PM10RU MWM (MWMYU,) - - - - - - - -

June 19
6
3 -0 T 63 A

July 19
6
3 20 8 63 A

September 1963 20 10 63

October 1963 20 11 63 •

Decmber 1963 20 64

Januar 1964 20 . 64

March 1964 20 4 64

April 1964 20 5 l64

5. PRMW4 PRWIM WDT (WJARoMLY)I

August 1963 17 9 63 A

Noveber 1963 2o 12 63

ftbruary 1964 20 3 63

6. FIA PMOPAN IRT 15 7 64

T. roai.TA Fl m 15 7 64

cwwsx a a0EEL 6- Acaus". *cJt--r
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